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1. IntroductIon

Infertility	 is	 defined	 as	 failure	 of	 conception	 after	
at	 least	 twelve	months	of	 timely,	unprotected	 inter-
course.	It	is	a	common	problem	affecting	14-26%	of	
the	couples.	Male	factor	is	mainly	responsible	in	30%	
of	the	infertile	couples	and	it	is	a	co-factor	in	an	addi-
tional	20%.	Basic	investigations	for	the	infertile	man	
include	 anamnesis,	 clinical	 examination,	 hormonal	
tests	(serum	FSH,	LH,	prolactin,	total	testosterone),	
and	 semen	 analysis	 (two	 to	 three	 samples	 in	 a	 six-
month	 period).	 Recently,	 in	 selected	 cases	 further	
genetic	(karyotyping	and	Polymerase	Chain	Reaction	
-	PCR)	and	cytological	investigations	(testicular	Fine	
Needle	Aspiration	 biopsy	 -	 FNA)	 have	 been	 intro-
duced1.

FNA	 is	 a	 cytological	 examination	 that	 has	 been	
widely	 used	 for	 the	 diagnosis	 of	 lesions	 of	 the	 thy-
roid	 gland,	 breast,	 intraperitoneal	 organs	 and	 head	
and	neck	tumors2,3.	FNA	sets	the	cytological	diagno-
sis	with	high	sensitivity	and	specificity.	The	method	is	

universally	accepted	for	its	minimally	invasive	nature:	
it	is	performed	under	local	anesthesia,	in	ambulatory	
patients	at	an	outpatient	clinic	or	a	day-surgery	basis	
and	it	has	minimal	or	no	complications.	More	specifi-
cally,	during	testicular	FNA	spermatozoa	can	be	col-
lected	and	subsequently	used	in	Assisted	Reproduc-
tion	 Techniques	 (ART)	 such	 as	 Intra-Cytoplasmic	
Sperm	 Injection	 (ICSI).	Apart	 from	 its	 therapeutic	
role,	testicular	FNA	assists	in	the	cytological	-	histo-
logical	diagnosis	of	the	infertile	man	and	in	the	man-
agement	and	counseling	of	these	couples.

In	this	article,	we	review	the	indications,	the	tech-
nique	and	the	interpretation	of	testicular	FNA	biop-
sy.	The	method	is	compared	to	open	testicular	biopsy	
and	its	clinical	applications	in	reproductive	medicine	
are	discussed.

2. clinical indications for testicular biopsy (open or fna)

Main	clinical	indications	of	testicular	biopsy	are:
1.	 To differentially diagnose obstructive from non-ob-
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structive azoospermia in men with normal or bor-
derline testicular size, palpable ejaculatory ducts 
and normal Follicular Stimulating Hormone (FSH) 
serum levels7.	Testicular	biopsy	sets	the	histologi-
cal	diagnosis,	i.e.	whether	azoospermia	is	caused	
by	primary	testicular	failure,	it	is	secondary	to	ob-
struction	or	 there	 is	a	 combination	of	 these	 two	
conditions.	Therapeutic	management	is	then	ap-
propriately	selected.	

2.	 In cases of obstructive azoospermia with concurrent 
varicocele.	Normal	spermatogenesis	in	these	men	
confirms	obstruction,	whereas	hypospermatogen-
esis	or	spermatogenesis	arrest	usually	is	interpret-
ed	as	negative	influence	of	the	varicocele	on	the	
spermatogenesis,	and	therefore	it	is	an	indication	
for	surgical	correction.

3.	 In cases of primary testicular failure with concurrent 
varicocele.	 Sertoli	 Cell-Only	 Syndrome	 (SCOS)	
favors	the	diagnosis	of	primary	testicular	failure,	
whereas	 spermatogenesis	 arrest	 indicates	 that	
varicocele	affects	the	spermatogenesis	and	there-
fore	it	should	be	corrected.

4.	 Other special indication for testicular FNA biopsy 
includes the detection of spermatozoa in azoosper-
mic men prior to ART. Sperm	detection	 in	 these	
cases	 is	 a	 good	 prognostic	 factor	 for	 sperm	 re-
trieval	in	subsequent	open	testicular	biopsy	(TEs-
ticular	 Sperm	 Extraction	 -	 TESE).	 If	 no	 sperm	
is	 retrieved	during	 the	FNA,	open	biopsy	 is	 still	
indicated	as	a	TESE	-	ICSI	procedure;	the	coun-
seling,	however,	of	the	couple	includes	the	option	
of	sperm	donor	use.	Common	causes	of	azoosper-
mia	are	Idiopathic	Non-Obstructive	Azoospermia	
(INOA),	 cryptorchidism,	 Klinefelter	 syndrome,	
epididymal,	vasal,	or	ejaculatory	duct	pathology,	
and	 Congenital	 Bilateral	 Absence	 of	 the	 Vasa	
Deferentia	(CBAVD).

3. FnA technique

Obrant	and	Persson	are	considered	 the	pioneers	of	
testicular	FNA	biopsy.	In	1�65	they	published	a	case-
series	of	42	azoospermic	men	 investigated	with	 this	
method8.

Testicular	FNA	is	performed	under	 local	anaes-
thesia.	 A	 few	 centers	 have	 suggested	 intravenous	
morphine	 for	 patient	 sedation,	 a	 variation	 that	 has	
not	 been	 widely	 accepted.	 The	 clinician	 carefully	

cleanses	the	scrotum	and	the	genital	area	with	anti-
septic	solution	and	the	surgical	field	is	then	isolated	
with	 sterile	drapes.	The	area	around	 the	 seminifer-
ous	duct	 is	 infiltrated	with	 local	anesthetic.	Further	
local	 anesthetic	 is	 infused	 in	 the	 scrotal	 skin	 at	 the	
sites	of	the	biopsy	punctures.	The	clinician	holds	the	
testicle	with	the	thumb	and	the	index	finger	just	be-
neath	the	scrotal	skin	in	order	to	avoid	any	epididy-
mal	damage	during	biopsy.	The	23	G	biopsy	needle	
is	then	introduced	in	two	to	four	different	testicular	
sites.	Biopsies	are	usually	taken	from	the	upper	and	
the	lower	testicular	pole	and	in	multiple	site	biopsies	
protocols	from	the	middle	of	the	testicle.	The	biopsy	
needle	(a	“butterfly”	one)	is	attached	to	an	empty	20-
ml	disposable	syringe,	usually	mounted	on	a	syringe	
holder	for	single	hand	grip.	During	needle	insertion	
into	 the	 testicle,	 the	clinician	withdraws	 the	syringe	
pump	 creating	 a	 continuous	 negative	 pressure	 that	
helps	 biopsy	material	 to	 be	 obtained	 from	 the	 tes-
ticle.	The	aspirates	are	then	deposited	on	clean	glass	
slides	and	 the	 smears	are	air-dried	and	 fixed.	May-
Grünwald-Giemsa	or	Papanicolaou	staining	are	 the	
common	techniques.

For	the	last	two	years	in	the	Unit	of	Reproductive	
Endocrinology	of	the	First	Department	of	Obstetrics	
&	Gynecology	 of	 the	Aristotle	University	 of	 Thes-
saloniki,	ThinPrep	material	embedding	 is	used	with	
results	 equal	 to	 the	 traditional	 fixation	 techniques.	
In	 a	 study	of	 15	 azoospermic	men	where	ThinPrep	
embedding	of	 the	material	obtained	 from	testicular	
FNA	was	compared	to	the	traditional	Papanicolaou	
fixation,	 no	 significantly	 statistical	 difference	 in	 the	
number	of	the	cells	that	were	isolated	(first	class	sper-
matocytes,	spermatids,	spermatozoa	and	Sertoli	cells)	
as	 well	 as	 in	 the	 cytological	 diagnosis	 were	 found.	
Moreover,	ThinPrep	made	cell	type	recognition	less	
difficult.	This	is	mainly	due	to	the	improved	stabiliza-
tion	of	the	biopsy	material,	the	limited	number	of	red	
cells	that	obscure	the	sample	and	the	finer	cell	layer	
that	ThinPrep	compared	to	the	conventional	fixation	
techniques	establishes11.

4. FnA interpretation

Testicular	FNA	interpretation	takes	part	in	two	steps.	
Initially,	in	low	magnification,	the	cytologist	assesses	
whether	 the	material	 is	adequate	enough	and	 takes	
an	overall	 impression	of	 the	presence	of	a	multiple	
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or	single	cell	image.	Then,	in	high	magnification,	the	
cells	 are	 recognized	 and	 the	 spermatogenesis	 dam-
age,	if	any,	is	classified12.

There	are	 two	 systems	of	 testicular	FNA	biopsy	
interpretation:	 the	 traditional	 classification	 as	 de-
scribed	by	Foresta13	and	a	more	recent	one	by	Meng14.	
According	 to	Foresta,	 the	material	 is	 initially	May-
Grünwald-Giemsa	stained.	For	the	interpretation	of	
the	sample,	 it	 is	necessary	to	measure	200	consecu-
tive	cells	and	their	percentage.	Cytological	diagnosis	
is	based	on	the	predominant	type	of	cells:
1.	 Normal spermatogenesis:	cells	 from	all	 the	stages	

of	spermatogenesis	are	detected.
2.	 Hypospermatogenesis:	 although	cells	 from	all	 the	

stages	of	spermatogenesis	are	encountered,	their	
number	is	significantly	reduced.	It	should	be	not-
ed	that	in	hypospermatogenesis	cases,	spermato-
zoa	detection	in	seminiferous	tubules	is	achieved.	

3.	 Maturation arrest:	Sperm	maturation	stops	in	early	
stages	 of	 spermatogenesis.	 Nor	 sperms,	 neither	
spermatids	are	detected.	The	arrest	 is	usually	 in	
the	stage	of	first	class	spermatocytes.	

4.	 Sertoli Cell-Only Syndrome:	Spermatogenesis	cells	
are	completely	absent,	Sertoli	and	Leydig	cells	be-
ing	the	only	cells	detected.
According	to	the	Meng	FNA	classification	system,	

the	sample	is	stained	as	per	Papanicolaou	and	the	pa-
thologist	assesses	only	the	presence	of	spermatozoa,	
spermatids	and	first	class	spermatocytes.	Compared	
to	the	Foresta,	the	Meng	classification	system	recog-
nizes	 two	 subgroups	 of	 spermatogenesis	 arrest:	 the	
early,	which	is	considered	always	to	be	a	complete	ar-

rest	and	the	late,	which	is	considered	always	to	be	an	
incomplete	arrest.

5. comparison between FnA and open biopsy

Testicular	FNA	presents	a	lot	of	significant	advantag-
es	compared	to	the	open	biopsy:	(a)	FNA	makes	pos-
sible	biopsy	 from	multiple,	different	 testicular	sites,	
which	 is	 per	 se	 more	 representative,	 (b)	 histology	
samples	from	open	testicular	biopsy	are	not	uncom-
monly	complicated	by	artifacts,	(c)	FNA	is	swift,	non-
expensive,	and	non-traumatic	method	and	(d)	FNA	is	
less	invasive	compared	to	the	open	biopsy.

Very	few	studies	in	the	literature	describe	a	com-
parison	between	histological	diagnosis	from	material	
obtained	by	open	testicular	biopsy	and	cytological	di-
agnosis	from	testicular	FNA.	After	careful	selection	
of	 the	best	methodology	studies,	 the	agreement	be-
tween	open	and	FNA	biopsy	diagnosis	in	1�4	infertile	
men	was	88.5%	(Table	1)18,1�,20.

Testicular	FNA	appears	to	be	a	more	reliable	di-
agnostic	 and	 sperm	 retrieval	 method	 compared	 to	
the	open	biopsy.	The	clinician	can	 take	 samples	al-
most	from	every	site	of	the	testicles.	The	fine	needle	
insertion	affects	a	restricted	only	area	of	the	testicle,	
compared	 to	 the	more	extensive	 tissue	 involvement	
during	the	open	biopsy.	The	risk	of	damaging	a	tes-
ticular	vessel	during	FNA	is	minimal.	Thus,	the	risk	
of	endotesticular	bleeding	post	FNA	is	only	7%	com-
pared	to	2�%	after	an	open	testicular	biopsy21.	Other	
studies	provide	evidence	 that	 the	multiple	 incisions	
at	the	tunica	albinea	performed	during	open	biopsy	
cause	a	reduction	to	the	testicular	vascularization22,23	

table 1. Summary	of	studies	where	testicular	FNA	is	compared	to	open	biopsy.

Prospective	
design

Number	
of	patients

Number	of	
testicles		
biopsied

Needle	
size	(G)

Histopathological	
/Cytological	
agreement

Histopathological	
/Cytological	

agreement	(%)

Gottschalk-Sabag	et	al.	
(1��3)

No 55 61 23 54	/	61 88.5

Odabas	et	al.	(1��7) N/A 2� 58 23 52	/	58 8�.6
Rosenlund	et	al.	(1��8) No 10 16 1� 7	/	16 43.7
Mahajan	et	al.	(1���) Yes 60 60 21 58	/	60 �6.6

Aridogan	et	al.	(2003) N/A 40 76 26 6�	/	76 �0.7

Total 1�4 271 88.5

N/A	=	Non	Available.
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and	 increase	 the	 possibility	 of	 ischemic	 testicular	
damage15.

On	 the	other	hand,	 testicular	FNA	 is	 still	 not	 a	
routine	 technique	 in	 the	 investigation	 of	 the	 male	
infertility.	There	are	several	reasons	for	this:	(a)	the	
diagnostic	 reliability	 of	 FNA	 biopsy	 is	 challenged,	
especially	 when	 compared	 to	 the	 open	 biopsy,	 (b)	
there	is	a	constant	fear	of	possible	testicular	trauma	
and	haematomata	 after	FNA	biopsy,	 as	well	 as	 the	
fear	of	malignant	cells	contamination15,24,25,26	and	(c)	
the	lack	of	experienced	cytologists	in	the	field	of	An-
drology	and	the	absence	of	studies	that	support	FNA	
are	further	factors	that	obscure	the	universal	use	of	
this	technique27.	According	to	some	studies,	testicu-
lar	FNA	biopsy	is	inferior	to	the	open	biopsy	for	the	
evaluation	of	spermatic	tubules	and	testicular	archi-
tecture20,21.	 It	 is	 common	 sense,	 that	 the	 larger	 the	
testicular	sample	obtained	during	a	biopsy,	the	more	
likely	the	detection	of	spermatic	tubules	with	normal	
spermatogenesis28.	 Therefore,	 the	 diagnostic	 accu-
racy	of	the	testicular	biopsy	and	the	number	of	sperm	
retrieved	depends	largely	on	the	degree	of	invasive-
ness	 during	 the	 biopsy.	 Unfortunately,	 this	 contra-
dicts	to	the	attempt	to	keep	as	much	of	the	testicular	
tissue	as	possible	intact.	In	a	recently	published	study,	
an	attempt	to	define	any	differences	in	the	histologi-
cal	findings	post	open	and	testicular	FNA	biopsy	in	
guinea	pigs	was	made.	This	study	demonstrated	that	
the	damage	on	the	testicular	tubules	and	Sertoli	cells	
is	more	extensive	after	FNA	biopsy.	The	damage	af-
ter	FNA	biopsy	takes	place	slowly,	within	a	month’s	
time,	causing	a	permanent	destruction	of	the	testicu-
lar	tubules	of	the	initial	biopsy	site	and	those	of	the	
neighboring	 tissue	 as	well.	After	 an	open	 testicular	
biopsy,	however,	a	permanent	scarred	tissue	is	devel-
oped	in	the	biopsy	site,	without	extension	to	adjacent	
tubules2�.	The	unexpected	findings	of	more	extensive	
tissue	damage	post	testicular	FNA	in	the	laboratory	
model	should	be	very	cautiously	interpreted	and	not	
be	extrapolated	 to	humans,	 as	 there	are	no	 clinical	
studies	indicating	such	effect	of	FNA.

Testicular	 FNA	 is	 a	 safe	 and	 reliable	 technique	
for	the	evaluation	of	the	presence	of	mature	cells	of	
spermatogenesis	 in	 azoospermic	men.	 It	 is	 success-
fully	used	in	the	treatment	of	azoospermia	as	an	in-
tegrated	part	of	ICSI.	There	are,	however,	many	an-

drologists	that	are	reluctant	to	fully	support	the	wide-
spread	use	of	FNA,	as	there	is	still	a	need	to	increase	
our	 knowledge	 on	 spermatogenesis	 and	 to	 build	 a	
genetic	database	on	male	 infertility	with	 tissues	ob-
tained	during	 open	 testicular	 biopsy.	This	 database	
will	 then	be	used	for	 in-depth	genetic	counseling	in	
infertile	men.

The	studies	comparing	testicular	FNA	with	open	
biopsy	 do	 not	 allow	 to	 safely	 draw	 definite	 conclu-
sions.	It	is	therefore	sensible	that	each	center	follows	
a	local	protocol	according	to	the	individual	needs	and	
priorities.	 In	 the	Unit	of	Reproductive	Endocrinol-
ogy	of	Aristotle	University	of	Thessaloniki,	there	are	
certain	 clinical	 indications	 for	 the	 use	 of	 testicular	
FNA.	The	diagnostic	accuracy	of	the	method	is	very	
high,	whereas	an	open	biopsy	follows	as	a	second	step	
in	every	case	is	considered	necessary.	

6. clinical application of FnA

Testicular	FNA	biopsy	holds	a	pivotal	role	in	the	di-
agnosis	and	the	etiologic	classification	of	a	wide	spec-
trum	of	andrological	diseases.	FNA	biopsy	concludes	
the	investigations	of	men	with	INOA.	This	is	a	homo-
geneous	group	of	infertile	men	with	primary	infertili-
ty,	small	testicular	volume,	elevated	FSH,	normal	LH	
and	testosterone	levels,	after	exclusion	of	any	known	
causes	of	infertility.	A	similar	group	of	infertile	men	
demonstrate	 all	 the	 INOA	characteristics	 but	 show	
evidence	of	reduced	androgen	action;	they	are	there-
fore	diagnostically	classified	as	Partial	Androgen	De-
ficiency	 of	 the	Aging	Male	 (PADAM).	 This	 group	
of	 men	 is	 characterized	 by	 clinical	 and	 laboratory	
partial	hypogonadism:	there	 is	 loss	of	 libido,	reduc-
tion	of	erections	and	low	testosterone	serum	levels.	
Testicular	FNA	biopsy	in	these	cases	reveals	severe	
hypospermatogenesis,	 maturation	 arrest	 or	 SCOS.	
Nevertheless,	even	in	these	cases	of	severe	infertility,	
sperm	retrieval	is	possible	during	biopsy.	Spermato-
zoa	can	then	be	used	in	ART30.

ART	history	is	closely	related	to	the	testicular	bi-
opsy	development.	Palermo31	and	van	Steirteghem32	
first	 described	 ICSI	 in	 1��2.	 FNA	biopsy	was	 used	
in	ART	for	the	first	time	in	1��5	for	sperm	retrieval	
from	azoospermic	men33.	Recent	ART	developments	
made	 fatherhood	 possible	 to	 azoospermic	 men,	 a	
group	previously	offered	sperm	donor	as	the	only	op-
tion.	Azoospermia	is	generally	classified	as	obstruc-
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tive	and	non-obstructive.	Ejaculation	failure	 from	a	
therapeuticpoint	 of	 view	 is	 included	 in	 the	 former	
group.	In	cases	of	ejaculation	disorders,	such	as	ret-
rograde	 or	 ejaculation	 failure	 (meta-traumatic	 or	
psychogenic),	sperm	retrieval	at	FNA	biopsy	is	up	to	
100%.	Cytological	or	histological	diagnosis	is	usually	
that	 of	 normal	 spermatogenesis	 or	 hypospermato-
genesis30.

Obstructive	 azoospermia	 can	 be	 caused	 by	 con-
genital	agenesis	of	ejaculatory	ducts	(with	or	without	
cystic	 fibrosis),	 Young	 syndrome	 (epididymal	 ob-
struction	 with	 chronic	 tracheobronchitis),	 acquired	
epididymal	 or	 ejaculatory	 duct	 obstruction	 (usually	
post-infectious)	 and	 post-operative	 or	 post-failed	
anastomosis	 obstruction.	 Spermatozoa	 retrieval	 in	
these	 cases	 after	 testicular	biopsy	 is	 up	 to	 100%	as	
well.	 In	 a	 similar	 way	 to	 the	 previously	 described	
group,	cytological	or	histological	diagnosis	is	usually	
normal	 spermatogenesis	 or	mild	 hypospermatogen-
esis	with	evidence	of	partial	arrest35.

Non	obstructive	azoospermia	is	characterized	by	
spermatic	epithelium	 failure.	This	 condition	 can	be	
either	idiopathic	(INOA)	or	acquired,	usually	caused	
by	cryptorchidism,	orchitis,	chromosomal	abnormali-
ties,	chemotherapy	or	radiotherapy.	Histological	di-
agnosis	varies	from	severe	hypospermatogenesis	and	
maturation	arrest	to	SCOS36,37.	Nevertheless,	even	in	
men	with	non	obstructive	azoospermia	and	SCOS	or	
spermatogenesis	arrest,	normal	spermatogenesis	can	
be	 found	during	biopsy38,3�.	This	 is	explained	by	 the	
presence	of	 testicular	 sites	with	 focal	 spermatogen-
esis.	Multiple	biopsy	sites	 increase	the	possibility	of	
sperm	 retrieval	 from	 a	 testicular	 region	 with	 focal	
spermatogenesis.	Spermatozoa	retrieved	from	these	
sites	can	then	be	used	in	ICSI40,41,42.	After	a	first	posi-
tive	FNA,	the	possibility	of	retrieving	sperm	in	a	sub-
sequent	FNA	in	non	obstructive	azoospermic	men	is	
almost	70%43.	If	hypospermatogenesis	was	diagnosed	
in	the	first	FNA,	the	possibility	is	�1%,	if	SCOS	73%,	
if	 hyalinization	 of	 spermatic	 tubules	 75%,	 but	 only	
2�%	in	cases	where	spermatogenesis	arrest	was	found	
during	the	first	testicular	FNA.

According	 to	Tournaye	 et al,	 ICSI	 success	 rates	
after	open	(TESE)	or	FNA	biopsy	is	44.0%,	45.7%,	
67.8%	and	62.5%,	after	spermatozoa	retrieval	 from	
cases	 of	 SCOS,	 maturation	 arrest,	 hypospermato-

genesis	 and	 normal	 spermatogenesis,	 respectively44.	
Pregnancy	 rates	 after	 embryo-transfer	 in	 the	 same	
groups	 of	 patients	 were	 36.5%,	 50.0%,	 60.0%,	 and	
43.5%,	respectively45.

In	conclusion,	FNA	testicular	biopsy	can	success-
fully	assist	in	the	sperm	retrieval	in	almost	every	case	
of	obstructive	azoospermia.	Pregnancy	rates	are	sat-
isfactory.	In	cases	of	ejaculation	failure,	FNA	biopsy	
with	ICSI	are	a	feasible	alternative	to	the	ejaculation	
provocation	with	electrical	stimulation.	Finally,	in	al-
most	55%	of	men	with	non-obstructive	azoospermia	
sperm	can	be	successfully	retrieved	either	with	FNA	
or	open	testicular	biopsy45.	Pregnancy	rates	are	satis-
factory	after	successful	embryo-transfer.

7. concluSIon

Testicular	 FNA	 biopsy	 is	 a	 significant	 laboratory	
technique	 for	 the	 investigation	 of	 selected	 cases	 of	
male	infertility.	Compared	to	open	biopsy,	FNA	has	
a	number	of	advantages;	therefore	it	is	already	used	
as	a	diagnostic	and	therapeutic	method	in	many	an-
drology	 centers.	 FNA	 combined	with	 the	 introduc-
tion	 of	 ICSI	 have	 revolutionized	 the	 management	
of	male	 infertility	 in	 the	recent	years.	 Infertile	men	
with	severe	spermatogenesis	disorders	can	give	birth	
to	their	own	children,	whereas	only	a	few	years	ago	
the	same	group	of	men	had	only	to	choose	between	
sperm	donation	and	adoption.
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